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ABSTRACT
This thesis aims to redefine the traditional rural landscape of the upper section of the 
Embarras River (UER) in Champaign County, Illinois. To date, there are four issues existing in 
this landscape: flooding, impaired waterway, extinction of endangered species, and lack of 
identity. Integrated with analytical and design approaches, the objective is to transform the 
site into an eco-friendly and recreational landscape for the sake of multiple benefits.
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Many rivers flowing through agricultural lands worldwide are found to have a variety of 
thorny issues, such as impairment caused by pesticide and herbicide runoff, species extinction 
resulting from poor water quality, and degraded landscape corridors that result from 
dredging and increased runoff volumes (from field tilling). This research seeks to help redefine 
the traditional river landscape in agricultural lands through analysis and design.  The study 
area is the Upper Embarras River (UER); a section of the Embarras that flows from southern 
Champaign county to northern Douglas county in central Illinois. The UER was chosen for 
both its proximity (to campus) and because it exhibits many of the environmental and cultural 
problems associated with agriculturally defined waterways. In particular, although middle 
sections of the Embarras are designated as biologically significant, much of the river corridor 
is agricultural land uses. In fact, the UER is considered a ‘ditch’ instead of a river by many 
adjacent farmers . This study hopes to help define a pathway towards biological improvement. 
1.2 Research Purpose
Generally speaking, this thesis aims to define a pathway to transforming the landscape 
corridors for rivers that cross agriculturally intensive lands. In detail, the research involves 
analysis and design for a specific site (the UER), which shares critical issues common 
to agricultural river corridors. Preliminary analysis reveals, there are four important 
considerations on the EUR: flooding, impaired waterway, extinction of endangered species, 
and the lack of identity. The objective of this study is to identify solutions through research 
and design that deal specifically with these four issues using the EUR as context. Likewise, the 
designs can be applied for other waterway landscapes with similar conditions. 
1.3 Research Questions
This research focuses on the four issues noted above: flooding, water quality, habitat, and 
cultural identity. Generally speaking, riparian buffer zones function to improve water quality, 
and then to help the river provide better habitats for more species. Secondly, green and grey 
infrastructure is used for flood control. Thirdly, creating recreational greenways along the 
river helps enhance UER’s identity, transferring the so-called ditch into a real river with higher 
reputation. This study aims to seek solutions to the following questions:
a. How to design riparian buffer zones with the purpose of improving water quality and 
increasing diversity of species (aquatic and terrestrial species) in agriculturally damaged 
waterway systems?
2b. How to design green and grey infrastructures that increase diversity of species and 
relieve potential flood pressures downstream (in this case Villa Grove, IL)?
c. How to integrate recreational trails into a waterway ecosystem that enhances the site’s 
identity and recreational potential?
1.4 Research Methods
The methods of this research involve literature review, data collection from various 
institutions and websites, data analysis, and site-specific research and design. 
Literature review and data collection involves looking for data from, and communication 
with, diverse agencies including: Prairie Research Institute of University of Illinois at Urbana-
Champaign, the USGS Water Science School, Illinois State Water Survey Watershed Science 
Section, the Illinois Department of Natural Resources, International Water Resources 
Association (IWRA) Student Chapter, and Wikipedia. Data includes historic data of the UER, 
GIS shape files of the river and surrounding environment, GIS floodplain maps, land use maps, 
river profiles data, etc. In addition, literatures and data specifically about the UER were also 
studied in order to figure out solutions to four issues of the site.
Based on the research of river characters and flood data, a series of water-related conditions 
were analyzed, from which diverse infrastructures with certain functions were proposed to 
hold certain amounts of water in order to relieve flood issue in Villa Grove. 
Following the research phase is the site design on the UER. Aiming at four issues, three 
strategies are created to guide the final design, which are the most significant parts in this 
thesis research. 
Finally, the designs on both large scale and small scale were created. In large scale, design 
strategies are applied to the river corridor. In small scale, two smaller-scale sites were chosen 
to develop detailed design as two scenarios for the project.
1.5 Significance
The thesis research seeks to find solutions for common issues of most rivers by studying on 
one specific site, which can also be applied to other rivers with similar situations. The history 
of waterways in agricultural lands was one of abuse, misuse and ignorance. Traditional 
approaches to these waterways only address a single issue, moving water downstream. To 
the contrary, this thesis provides multi-functional approaches involving ecological, biological 
3and recreational considerations. In addition, most of traditional approaches are commonly 
defined as “hard” solutions, such as civil engineering solutions. However, this thesis extends 
the approach to “soft” solutions, including the integration of green and grey infrastructure, 
riparian buffer design, recreational opportunities, and aesthetic landscape. 
In general, the strategies used in the study are interrelated with each other. For example, 
riparian buffer is listed as one category because of its remarkable functions to improve water 
quality and increase species. But riparian buffer is actually part of green infrastructure. So 
riparian buffer also functions to control flood. Moreover, according to ecological research, 
the river habitats associated with flooding river channels are the most ecologically valuable 
and diverse (Ward and Stanford, 1995; Ward et al., 1999, Naiman et al., 2005). It is suggested 
that solving the flooding issue in Villa Grove by setting aside a constructed floodplain is also 
considered as the method to improve water quality and increase biodiversity. Therefore, this 
study involves a sequence of approaches that act in harmony to deal with river landscape 
issues. 
4CHAPTER 2: LITERATURE REVIEW
2.1 Guiding Theory
The key of this thesis research originates from several fields in landscape architecture 
involving: landscape structure, landscape ecology, landscape infrastructure, and recreational 
landscape. To be more specific, several bodies of knowledge both inside and outside the 
Landscape Architecture discipline are included in this study:
a. river morphology theory 
b.  3-zone buffer 
c. hard and soft infrastructure
d.  recreational greenway 
2.2 River Morphology
River morphology theory is the most basic theory in this research. River morphology theory 
helps to understand the basic configurations of a river, including impacts of water flows, 
different zones along a meandering river, causes and impacts of different zones, etc. From 
this theory, buffers, water management infrastructures, and recreational greenways were 
also studied to cogitate how to apply these strategies in different zones based on river 
morphology theory, what the impact of these strategies are for the river, etc. 
As for assessing water resources and managing coastal infrastructure, river morphology is of 
paramount consideration, especially in the use of the study segment of the Embarras River 
where the river has been dredged, stretched and generally compromised so that water moves 
very quickly at great quantities downstream (Figure 1). Many rivers have been straightened by 
engineers to increase its flow velocities. On the contrary, the longer, meandering river channel 
is able to storage more water. By meandering river channel, river itself is able to function as 
flood management by providing “live storage” (Mount, 1995), which is called in-river flood 
management. In Figure 1, two examples represent the difference between straightened 
river and meandering river. In channel A, the channel is 10 miles long. In channel B, the total 
distance is approximately 20 miles long. Water in channel B travels twice as far as in channel 
A, resulting in half of peak flow less than channel A. In such way, meandering river channel 
functions to control flood.
5Figure 1 Straightened Channel vs. Meandering Channel
With the same area for river channels, straightened channel A on the left only allows water run 10 miles, while 
meandering channel B allows water run 20 miles, resulting in twice peak flows in channel A than channel B 
within the same amount of time. 
It is also observed that river shapes are always varied with respect to channel processes, 
including erosion, corrosion, transportation and sedimentation (Matsuda, 2004). More 
specifically, meandering river morphology is herein discussed in the study. The landscapes of 
meandering rivers are formed by two processes, erosion and sedimentation. A meandering 
course may be formed by a stream of any volume, which can both alternately erode 
sediments on outer banks and be deposited on inner banks (“Meander,“ 2016). Because of 
water flowing, the velocity becomes higher on outer banks, while getting lower on inner 
banks. The distinction between water flow velocities in diverse areas incurs the bend to 
be more and more meandering. Erosion on the outer banks gives rise to cut banks for the 
meandering river and widens its valley. And sedimentation of silt on the inner banks forms 
deposition point bar. In addition, if the water breaks through levee during a flood; it would 
rush into the overbank area, spreading out and creating a fan-shape area called crevasse splay 
deposit (Figure 2). 
6Figure 2: River Morphology Theory
Three zones are created by water flows with different velocities in different areas of meandering river bend: cut 
bank, point bar, and crevasse splay deposit. 
Three zones are suitable for different landscape infrastructure, which will be amplified in 
Strategies section. Generally speaking, cut bank and crevasse splay are more suitable with 
retentions, detentions and wetlands. Water runs the fastest on outside of meandering bend, 
which means water will run out of river bend first into these areas. And then retentions, 
detentions and wetlands can function to hold flood water as soon as possible. Point bar fits 
for natural floodplain with riparian buffers. Point bars have a very gentle slope, so they are 
often overtaken by floods. Natural floodplains function to relieve flood water. 
72.3 Riparian Buffer
Along the floodplains, rivers run through patches, corridors and matrixes in landscape 
structure, which is shown in Figure 2. A patch is a relatively small area that has more distinct 
structures and functions than the surrounding landscape. A river corridor is typically a linear 
patch. Furthermore, matrix is the background within which patches and buffers exist. In 
developed landscapes, patches are often remnant areas of woodland or prairie; corridors 
are linear elements e.g., windbreaks, fencerows, and riparian areas; and the matrix is usually 
developed lands including cropland or urban areas. The patches and matrix areas must be 
considered in the design of buffer areas. Location, structure, and management of nearby 
patches and matrix influence the types of functions that buffers will perform, and their 
effectiveness.
Figure 3: Patch, Corridor and Matrix in Landscape Structure
The functions and relations between patches, corridors and matrixes are significant to study the riparian buffer 
design. Buffers can only work well in the harmony with patches and matrixes. 
Source: http://www.intechopen.com/books/advances-in-landscape-architecture/understanding-landscape-
structure-using-landscape-metrics
Buffers are significant features in landscape design by integrating concepts in landscape 
ecology. Buffers may take different forms of planted areas along rivers and roads, corridors for 
wildlife habitats, or greenways on different conditions (Lovell & Johnston, 2009). As indicated 
in Figure 3, they can be designed into different functions. For example, buffers along rivers are 
8claimed as the landscape for water quality improvement. Biological corridors are important 
for their role in connecting habitats for wildlife. And greenways allow movement of people for 
recreational and aesthetic purpose (Shafer et al. 2000, Hellmund and Smith 2006).
Figure 4: Linear Landscape Types
This diagram indicates three types of linear landscape based on their functions.
In detail, buffers function to improve water quality through their extensive root systems 
(Fischer et al. 2006). For example, their root systems trap nutrients entering from surrounding 
areas, such as phosphorous, nitrogen, pesticides and other chemicals (Lawrence et al. 
2002, Lee et al. 2003). In addition, the root systems of perennials serve as strong infiltrator 
of water with their porous structures (Figure 5). Perennials’ extensive root systems provide 
interconnected air voids to increase penetration rates underground. With such root structures, 
buffers function to control flood by increasing infiltration rates and slowing water flow 
(Schultz et al. 1997).
9Figure 5: Extensive Root Systems of Perennials
The porous root systems of perennials can increase water 
infiltration by creating interconnected air voids.
As for biological corridors for wildlife, they 
are important to increase the biodiversity 
of fauna and flora by providing and 
connecting habitats for wildlife (Schultz 
et al. 1997). As mentioned above about 
three types of landscape structures, 
patches are small areas with distinct 
structures, providing habitats for wildlife. 
And corridors can serve as connectors of 
these patches with different structures. In 
such way, corridors provide opportunities 
for wildlife to move between fragmented 
patches (Schuller el al. 2000). As a result, 
corridors increase the biodiversity of fauna 
and flora. 
Moreover, in the areas with more population, recreational greenways also function for 
cultural connectivity by allowing movement of people between communities with social, 
economic and recreational purposes (Shafer et al. 2000, Hellmund and Smith, 2006). Other 
functions like reducing noise (Thompson and Sorvig, 2000), filtering polluted air (Lovell and 
Johnston, 2009), managing microclimate with their shades (Bolund and Hunhammar, 1999), 
and mitigating unpleasant odors (Tyndall and Colletti, 2001) are also significant for landscape 
design. 
Therefore, different functions of buffers can be considered in landscape design depend 
on the following elements: their configurations in landscape (Hellmund and Smith 2006), 
their relations with surrounding habitats (Schuller et al. 2000), and the combination of plant 
materials (Lovell and Johnston 2009).
As for targeting buffer zones, the theory is to place buffer zones along contour lines, because 
water will be trapped the most by the buffers perpendicular to the water flow, as shown in 
Figure 6. Moreover, riparian buffers are more effective along small and low-order streams than 
larger and high-order streams because more water delivered to channels from uplands enters 
along low-order streams (Bentrup, 2008). In addition, surface runoff from cultivated areas is 
higher in the areas where slopes are steeper and soils are finer-textured. Buffers designed in 
such areas will be more effective. 
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Figure 6: Representative Diagram of Targeting Buffers Zones
The diagram on the right indicates that buffer located along the contour can reduce the most runoff.
2.4 Grey & Green Infrastructure
Grey Infrastructure is typically considered traditional, constructed storm water management 
approaches of pipes, tanks, constructed detention and retention, and energy intensive 
treatment systems. Green Infrastructure is a landscape directed with infrastructures of bio-
filtrations, ponds, wetlands, rain gardens and other natural land and plant based ecological 
treatment systems and processes. 
Grey infrastructure is efficient in flood control, draining water as soon as possible. It is 
indispensible in urban (and peri-urban) water management. However, there are also 
many disadvantages. Historically, municipalities managed their storm water utilizing grey 
infrastructure practices made up of gutters, basins, and pipes that transport storm water 
quickly to local streams, rivers, and lakes. Many municipalities struggle to maintain this aging 
storm water infrastructure due to lack of funding. The result is frequent flooding and nonpoint 
source pollution degrading local watersheds. Additionally, in many older communities, 
storm water and raw sewage from homes and businesses flow through the same pipes to 
wastewater treatment plants. During heavy rain events, when the treatment plant reaches 
capacity, both untreated storm water and raw sewage are discharged directly to local streams 
and rivers through combined sewer overflows. Most basic grey infrastructures only single 
function. For example, some storm water pipe systems only function to drain water to relieve 
flood without treatment for pollution.
Green infrastructure is the interconnected network of open spaces and natural areas that 
naturally manages storm water, controls floods, improves water quality and captures 
pollution (Wise, 2008). Green infrastructures reduce overflow by evapotranspiration, capture 
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and reuse of storm water, and promoting infiltration (U.S. EPA 2011). Green infrastructure 
technologies include green roofs, porous pavements, bio-retention facilities, storm water 
planters, etc. (De Sousa et al. 2012). Contrary to grey infrastructures, green infrastructures 
always function multiply. For example, retentions and detentions not only hold flood water, 
but plants in retentions and detentions also function to trap solids and some other pollutions 
in their root systems. Moreover, green infrastructures are also much more aesthetic than 
grey infrastructures, which is potential to provide open spaces for recreational uses. And by 
connecting green infrastructures together, it also connects habitats for wildlife. As for the 
cost evaluation, a number of researches suggest that under certain conditions widespread 
application of green infrastructure at reducing overflows is more cost effective than grey 
infrastructure (MacMullan and Reich 2007, Montalto et al. 2007).
Grey and green infrastructures have both pros and cons, so combining them will make the 
most use of them. As a result, for this study a hybrid infrastructure system will be developed 
and presented in the Strategies section. 
2.4.1 Retention & Detention
The runoff treatment and flood control are commonly functioned by retentions and 
detentions (Krause, Groenleer, 2005). In detail, retention ponds are wet ponds holding a 
permanent pool of water, which are utilized to keep suspended particles and other solids 
in runoff at the bottom of the pond. In contrast, detention ponds are dry ponds that often 
give rise to the reduction of peak runoff rates and hold water flow for a short period of time 
around 24 hours. In addition, detention ponds also settle suspended sediments at the bottom 
of the holding area, preventing dissolved pollutants from moving into groundwater sources. 
Based on scientific research, it is found that retention-detention units can significantly 
reduce peak and annual storm water runoff and sewer charge volumes (Locatelli et al. 2015). 
Retention-detention units refer to soakaways coupled with detentions. They function to 
reduce annual and peak storm water runoff, increase groundwater recharge, and reduce 
combined sewer overflows. The combination of retentions and detentions were first modeled 
to examine the impact on sewer charge and annual and peak storm water runoff (Locatelli et 
al. 2015). Figure 7 indicates how retention-detention combinations affect annual and peak 
runoff. To be more specific, allocating 20-40% of the volume to detention would reduce peak 
runoff to the most degree (80%) with big reduction in annual runoff (80%) as well. 
As for the design of retention-detention units, four zones will be proposed according to 
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Figure 7: Retention-Detention Unit
This diagram indicateds the details of the scientific research about retention-detention unit, how to combine 
retention and detention to reduce annual and peak runoff to the most degree.
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ecological and aesthetic considerations: emergent vegetation zone, saturated soil vegetation 
zone, submergent vegetation zone, and upland slope buffer zone (Figure8). Emergent 
plants grow in water but are partially exposed in air, in which their leaves can efficiently 
photosynthesize and compete from submerged plants (“Emergent Plant,” 2016). Emergent 
plants are significant in stabilizing the shoreline. In addition, they are also important in 
nutrient cycling in river sediment (Ullah et al. 2014). For example, the research shows that 
NO3- attenuation is improved under emergent in river sediments. Saturated soil vegetation 
zone is for the vegetation growing in saturated or flooded soil, which is significant to stabilize 
the shoreline as well. Submergent vegetation produces oxygen, offers cover for fish and 
substrate for invertebrates, and acts as food for wildlife and fish (EPA).
Figure 8: Retention-Detention Unit Design
There are four significant zones in retention-detention unit: emergent vegetation zone, submergent vegetation 
zone, saturated soil vegetation zone, and upland slope buffer zone. 
2.4.2 Wetland
Comparable to coral reefs and rain forests, wetlands are considered as the most productive 
ecosystems (EPA, 2015). They provide habitats for an immense variety of species, such as 
insects, microbes, plants, reptiles, birds, fish, mammals, amphibians, etc. In detail, microbes, 
plants and wildlife that inhabits in wetlands offer global cycles for water, nitrogen and other 
nutrients (EPA, 2015).
In addition, wetlands have significant benefits to ecosystems and human society, including 
flood management (Vivian et al. 2014), water quality improvement (Weibo, et al. 2015), 
natural products at no cost, shoreline erosion control (Davis et al. 2015), and opportunities for 
aesthetic and recreational appreciation (Cottet et al. 2013). Furthermore, according to recent 
research, wetlands may also function for atmospheric maintenance (Pidwirny, 2011).
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2.5 National Recreational Trail
Besides integrating ecological principles into landscape design, it is also important to 
consider social and cultural purposes. In the design of linear landscape, recreational trails 
are potential to be considered. There are trails on USDA lands that have been designated 
as National Recreation Trails (Figure 9). These agricultural-land trails all around the country 
present an opportunity to further increase the agricultural trails.
Farm-based recreational greenways are on a growth trajectory throughout the United States. 
There are more than 900 National Recreation Trails (NRTs) through the country that are totally 
more than 9,000 miles, which contributes to human health, recreation and conservation in the 
United States. In addition, farm-based recreation, including hunting, fishing, horseback riding 
rodeos, petting zoos and other activities, offered income to around 52,000 U.S. farms (2.5 
percent of total U.S. farms) in 2004 (Brown & Reeder, 2007). Recently, agri-tourism is relatively 
popular worldwide, particularly in Europe; and it should be conducive to the improvement of 
U.S economy in the next decades, being viewed as an alternative way of farm income and as a 
approach for the diversity and stimulation of their economics in rural communities (Brown & 
Reeder, 2007).
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Figure 9: National Recreation Trail on Farmland
These are trails on USDA lands that have been designated as National Recreation Trails. These agricultural land 
trails around the country present an opportunity to further increasing of them.
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CHAPTER 3: SITE STUDY
3.1 Site Description
3.1.1 Site Introduction
This study focuses on the upper section of Embarras River (UER) which is located close to 
University of Illinois campus. The whole Embarras River flows 195 miles (U.S. Geological 
Survey, 2011) through south central Illinois from Champaign County through nine other 
counties, Douglas, Coles, Cumberland, Jasper, Richland, Crawford, Lawrence, Vincennes and 
Indiana counties, to its confluence with the Wabash River (Wikipedia). 
Flowing through agricultural land, the site faces a number of agriculture-driven problems, 
including water quality problem and biological extinction. Moreover, south of the research 
site located at the confluence of the major Embarras River and the East Branch Embarras 
River, Villa Grove has been experiencing severe flooding problem since 1950. In history, it was 
a biologically significant stream, which was unpolluted and mostly unmodified with state-
threatened species. Despite of its significance in history, it is currently considered as a ditch 
rather than a river to adjacent farmers because of its highly degraded state.
3.1.2 Interview
In order to fully understand the site, several site visits were made. And residents both in 
Champaign and Villa Grove were interviewed for this thesis research. There was a serious flood 
in Villa Grove on December 26 and 27, 2015. Some Villa Grove residents were interviewed after 
the flood. Some resident said that many streets and allies that are soaked under water were 
closed; and some markets were closed during flood periods. There was even a foot of water 
in the basement of one resident’s house. Moreover, according to the daily newspaper for East 
Central Illinois, the News-Gazette, an emergency curfew was issued by Mayor Terry Harbin at 
8 p.m. on Sunday, December 27, 2015 until 6 a.m. on Monday, December 28, 2015 (Mitchell, 
2015). Illinois Route 130 that runs through Villa Grove to Interstate 72 in Urbana was even 
closed due to the flood, which made people unable to go through Villa Grove form south to 
the north end of the town without driving a mile into the country. 
Interviews in Champaign were also conducted. It turns out that Embarras River is not so well 
known to many people who live in Champaign. Some people had pronounced it ‘embarrass’ 
until I corrected them that it’s pronounced ‘EM-BRAH’. When some residents at Champaign 
and Urbana were asked if they know there is a river south of Champaign, some residents 
responded with “Oh, you mean the ditch across the farm land”, while some UIUC students 
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were even not aware of the Embarras River. All these evidences indicate that the Embarras 
River is lack of identity. However, there are some activities happening in the head water area 
(Figure 10). During one site visit, I happened to come across some people coming back from 
the ‘lake’ at the head water of the Embarras River that is blocked by shrubs and trees and 
forbidden with a sign saying ‘DO NOT ENTER, authorized vehicles only’ (Figure 11). A student 
who just came from the lake told me that the lake inside is an experiment field whose view 
is pretty beautiful. In fact, several experiment fields that are owned by UIUC are at the head 
water area of the Embarras River close to UIUC campus. In addition, there are some residential 
areas at the head water area that is potential for future development. 
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Figure 11: Photo of the Head Water Area of the Embarras River
There is a lake at the head water area of the Embarras River that is blocked by shrubs and trees and forbidden 
with a sign saying ‘DO NOT ENTER, authorized vehicles only‘.
Figure 10: Photo of the Head Water Area of the Embarras River
The sign saying “this area has been cleaned by volunteers“ indicates that there are activities happening at the 
head water area of the Embarras River. 
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3.2 Site Issue
In order to gain full understanding of the site, several visits were made along the UER from the 
headstream to Villa Grove. Prior to on-the-spot investigation, background research on a range 
of relevant topics was made to get familiar with the basic conditions of the site. The site visits 
include interviews and discussions with residents in Champaign and Villa Grove, a visit to Villa 
Grove, observations of Villa Grove through historic photographs and other secondary sources, 
and visits to the central parts of the town.
By visiting the site and conducting research on its history and existing conditions, four critical 
UER issues were identified (Figure 12):
1. Flooding in Villa Grove 
2. The physical impairment of the waterway
3. The potential extinction of endangered species from the site
4. A general lack of identity
20
Figure 12: Site Issues
The research and design in this site study are based on four issues of the site: flooding, impaired waterway, 
extinction of endangered species, and lack of identity.
21
3.2.1 Flooding in Villa Grove
Flooding in Villa grove is a continual and periodic issue. Many bridge decks and road crossings 
are flooded and overlapped by stream stages (flow elevations) during flood periods at 
frequent intervals (McConkey, 2002). 
Villa Grove, located at the confluence of the main branch and the branch of the Embarras 
River, has been experiencing severe flood problems since 1950. Reported severe floods (over 
100 year events) occurred in January, 1950; April, 1994; June, 2008; April, 2013 (Figure 13); and 
December, 2015 (Figure 14), respectively. In 1950 Villa Grove was isolated by flooding. It was 
reported that 100 families became homeless and more than 1/3 of the city was underwater 
(Harrisburg). The peak discharge at Villa Grove is 10,370 cfs (cubic feet per second) and 32 
hours in 2002, which is tremendously high for this part of the country (McConkey, 2002). 
Figure 15 and 16 also indicate the details of the flood in 1950 in the Newspaper of The Daily 
Illini. 
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Figure 13: Images of Flooding in Villa Grove on Friday, April 19, 2013
Image Source: http://www.news-gazette.com/multimedia/photogallery/2013-04-19/rain-and-more-rain-central-
illinois-flooding
Figure 14: Image of Flooding in Villa Grove on December 29, 2015
Image Source: https://www.youtube.com/watch?v=ax3GdZTHkSs
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Figure 15: Newspaper in 1950 Reporting Flooding in Villa Grove
The contents in red rectangle are the information of flooding in Villa Grove.
Image Source: Villa Grove Asks Flood Controls. (1950, January 11). The Daily Illini, p. 1.
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Figure 16: Zoom-In Content of Flooding in Villa Grove from the Newspaper
Image Source: Image Source: Villa Grove Asks Flood Controls. (1950, January 11). The Daily Illini, p. 1.
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3.2.2 Impaired Waterway
According to 303(d) list, most areas of Embarras River are defined as an impaired waterway. 
Pollution is mainly derived from nonpoint source, industrial and residential sewage treatment, 
among other sources. The Embarras typical suffers form nutrient loadings that are the result of 
adjacent agricultural practices. These pollution sources result in hypoxia (oxygen depletion), 
eutrophication and sedimentation, which seriously threaten the ecosystem of river.
3.2.3 Extinction of Endangered Species
The midsection of the Embarrass River is designated as a Biologically Significant Stream. 
And the UER was also a biologically significant stream in history. The extensive sand-and-
gravel substrate of the midsection of the river provides habitat for a number of rare species, 
such as the harlequin darter, eastern sand darter, big-eye shiner, and blue sucker. Mussel 
diversity is high and the river has historically supported eleven state-threatened or state-
endangered species. However, because of the impaired waterway, these endangered species 
are threatened. 
3.2.4 Lack of Identity
The Embarras River rises in Champaign County. The upper reaches of the Embarras include 
the detention ponds near the intersection of Windsor Road with U.S. Route 45 in southeastern 
Champaign. This upper part is called as ditch by some even though it is an important portion 
of the Embarras. Compared to the midsection of the Embarrass River, which is designated as 
a Biologically Significant Stream, the upper portion has the potential to be well designed to 
extend the significance of the midsection.  Its designation as a ‘ditch’ by adjacent landowners 
is generally due to a lack of sensitivity to importance of the stream.  Over the years these 
landowners have straightened, dredged, denuded of vegetation, and degraded its banks so 
severely that its historic pristine river state is a distant memory for them. 
26
CHAPTER 4: STRATEGIES
Based the above analysis, 3 strategic interventions were identified that might be used to cope 
with UER issues and enhance its potential as a valued Illinois waterway.
1. establish a buffer zone
2. amphibious infrastructure / hybrid infrastructure
3. recreational greenway
4.1 3-Zone Buffer
In the buffer theory part, you can see the issues and objectives corresponding to various 
buffer functions. By digging more into these elements, many close interrelationships have 
been determined, which are vital to propose the design strategies.
By reducing erosion and diffuse pollution, buffers on agricultural land have been manifested 
that have an essential role in protecting water quality of rivers (Christen, Dalgaard, 
2012). Moreover, they have been demonstrated vital in flood mitigation, environmental 
conservation, etc. It is discerned that vegetated buffer zone can assist in the reduction of 
nutrients and pesticides losses from agricultural land (Dalgaard, Olesen, Petersen, Jorgensen, 
Kristensen, et al., 2011). Besides, vegetated buffer zone may contribute to managing the 
cycles of nutrient and water, mitigating flooding, improving carbon sequestration, and 
reducing gas emissions through petroleum fuel substitution (Dalgaard, Olesen, Petersen, 
Jorgensen, Kristensen, et al., 2011). It is also noticed that vegetated buffer zones can have a 
crucial influence in enabling a net energy production regarding agriculture. (Dalgaard, Olesen, 
Petersen, Jorgensen, Kristensen, et al., 2011). 
In the UER buffer zone strategy there are primarily three zones in buffered areas:
1. Undisturbed forest: tree roots help stabilize the stream bank. Trees provide shade and 
help cool the stream
2. Sediment is trapped within the forest floor. Nutrients are bound to soil particles and 
taken up by vegetation. Zone 2 can be managed for the harvest of trees and other forest 
products.
3. Grasses help control runoff and encourage infiltration of water and pollutants into the 
soil. 
Corresponding to different topographies, conservation objectives, personal preferences and 
harvesting technologies, different buffer designs will be generated. There are three scenarios 
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in total, which are indicated in master plan in Figure 17. Furthermore, a zoom-in master plan 
describes the three zones in detail (Figure 18).
Buer Zone for 
Forest Area
Buer Zone for 
Residential Area
Buer Zone for 
Agricultural Area
Remaining
Figure 17: 3-Zone Buffer Scenarios





































































































































































































Figure 18: Zoom-In Master Plan of 3-Zone Buffer
The zoom-in master plan indicates the design of 3-zone buffer in detail.
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Three scenario designs are based on the professional research of buffer design. Figure 19 
demonstrates the existing condition of the site and the proposed buffer scenarios.The first 
scenario is for the river next to the cropland. High-energy yield buffers are designed on very 
low slopes; and multi-purpose buffers are designed on low to intermediate slopes. On very-
low-slope site, three zones in this scenario involve fast growing grass area (20 feet), short 
rotation coppice area (23 feet), and short rotation forestry area (23 feet) (Christen, 2013). On 
low-to-intermediate-slope sites, three zones in this scenario involve forage or wildlife mixtures 
area (25 feet), multi-species short rotation coppice area (23 feet), and short rotation forestry 
area (10 feet).
The second scenario is designed for the river next to the residential housing. The design of 
retention-detention unit is based on the scientific research on sewer surcharge and runoff 
reduction. Three zones are upland slope buffer zone, saturated soil vegetation zone, and 
water-front vegetation zone. Water-front vegetation zone includes emergent vegetation zone 
and submergent vegetation zone. 
Finally, buffer zone for forest area is deliberated as an integrated system closely related 
to human activities. In this scenario, forest has been functioned as great buffer for river. 
Pedestrian pathway is designed for recreational purpose between trees, by which residents 
can interact with nature to a large extent.
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Figure 19: Existing Site Scenarios vs. Proposed Buffer Scenarios
Existing site scenarios and proposed buffer scenarios are created based on different site conditions.
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4.2 Hybrid Infrastructure
According to ecological research, the most ecologically valuable and diverse river habitats are 
dynamically migrating, flooding river channels (Ward and Stanford, 1995; Ward et al., 1999, 
Naiman et al., 2005).
An amphibious infrastructure strategy is developed to let the river flood to relieve the 
flooding issue in Villa Grove. The reason of naming this strategy amphibious infrastructure is 
the infrastructure on this site provides various functions for both flood and non-flood period. 
It benefits both Champaign and Villa Grove communities, as well as explores the biggest 
potential of the river system. Figure 20 and 21 show the proposed perspectives in flood and 
non-flood periods respectively.
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Figure 20: Proposed Perspective in Non-Flood Period
The proposed landscape in non-flood period acts as ecological and recreational space, providing recreational 
place for residents, as well as ecological space for water treatment, wildlife activities, etc.
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Figure 21: Proposed Perspective in Flood Period
In flood period, the proposed landscape acts as ecological space to control flood, improve water quality, etc.
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In addition, the hybrid infrastructure means the hybrid of green and grey infrastructure. 
Guided by river morphology theory, there are three zones for meandering river that is 
vital for design (Figure 22). Based on this, I propose different infrastructure on these three 
zones, as demonstrated in Figure 23. In detail, with higher water flow velocity outside the 
meandering bend, erosion happens leading to the formation of cutbank area. In this zone, 
green infrastructure, such as buffer zone and retention-detention unit, is designed to reduce 
erosion. With lower water flow velocity inside the meandering bend, deposition will be 
developed into point bar area. As for such zone, low maintained lawn is designed, providing 
permeable surface playground for residents’ recreation in non-flood period, as well as serving 
as floodplain to let it flood in flood period. Additionally, water rushes out to form crevasse 
splay deposit area in the fastest area outside the bend, which is designed to wetland to let it 
flood. Different zones are indicated in the large-scale master plan in Figure 24.
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Figure 23: Proposed Infrastructures on Three Zones of Meandering River
Different infrastructures are proposed in different zones.
Figure 22: Three Zones of Meandering River
Three zones of meandering river are instructive for designing different-function infrastructures in different zones.
36
Figure 24: Infrastructure Design in Master Plan
This master plan indicates different infrastructures’ design.
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There are multiple infrastructures proposed in the design, as shown in Figure25. To be 
specific, green infrastructure includes wetlands, retention-detention units, and buffer zones. 
Grey infrastructure involves small reservoirs, dams and levees. By combining green and grey 
infrastructure, the issue of flood can be controlled to a large extent. At the same time, some 
green infrastructure help improve runoff quality before reaching the river. For example, buffer 
zones slow water runoff, enhance infiltration, trap pollutants in surface runoff, etc. (Bentrup, 
2008). In addition, retention-detention units can improve water quality and assist with 
flood management by reducing the most of annual and peak runoff and sewer surcharges 
(Locatelli, 2015), as well as depositing the most sediments at the bottom of ponds.
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Figure 25: Infrastructure Catalog
Infrastructure Catalog indicates what infrastructures can be used in the design.
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Located between Champaign and Villa Grove, the amphibious and hybrid infrastructure 
system has various benefits for both Champaign and Villa Grove communities (Figure 26). First 
of all, it provides recreational spots and greenways for the residents in both communities. 
Secondly, the riverfront areas bring educational and economic benefits for the residents 
by offering them space to get in touch with the Embarras river that was the biologically 
significant stream with endangered species in history. Thirdly, hybrid of green and grey 
infrastructure maximizes the functions to assist with flood management. Fourthly, green 
infrastructure also improves water quality besides assisting with flood management, which 
leads to a better water environment for more aquatic species including endangered species. 
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Figure 26: Hybrid Infrastructure System and Its Benefits to Communities
This digram indicates the processes of designing the hybrid infrastructure system, as well as the benefits for both 
Champaign and Villa Grove.
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4.3 Recreational Greenway
Close to the University of Illinois campus and Villa Grove, it is potential to develop recreational 
greenways for residents living in Villa Grove and Champaign, especially on campus. There is 
a huge opportunity to create stronger connections among agricultural, environmental and 
recreational industries in order to explore probability of the region. 
Multiple recreational activities are involved in different zones to rejuvenate the programs 
of the river, as shown in the master plan in Figure 27. As indicated in Figure 28, potential 
programs involve jogging, walking and biking along the greenway, and group activities 
in floodplain area in non-flood period, such as educational touring, resting and chatting, 
playing and enjoying the river view, etc. With consideration of the issue of lack of identity, 
this naturalistic landscape along the river incites various programs, bringing recreational, 
educational, social and economic values to the site, in which way the identity of the UER will 
be enhanced. 
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Figure 27: Recreational Greenway
This diagram shows where the recreational greenway goes.
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Figure 28: Recreational Program Catalog




Based on the issues, potential and strategies, the design will be proceed through the 
following steps (Figure 29):
a. Recovering the river by meandering, widening and deepening its water body.
b. Protecting the river by designing amphibious landscape infrastructure and 3-zone 
buffers along the contour line.
c. Reconnecting the river with other natural features and residential areas, providing 
people access to the whole natural system.
d. Rejuvenating the river by integrating recreational trails within the natural system.
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Figure 29: Conceptual Framework




Aimed at the above four issues, the final design combines three strategies: 3-zone buffer, 
amphibious infrastructure, and recreational greenway. Overall, this natural riverscape 
creates ecological restoration for river, relieves flooding for Villa Grove, serves as a habitat 
for terrestrial and aquatic species, and provides recreation for residents that brings not only 
recreational, but also education, social and economic values to the site.
Figure 30 is the master plan for the whole site, including buffer zone, hybrid of green and grey 
infrastructure, and areas for recreational programs.
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Figure 30: Master Plan
Master plan shows all three strategies including 3-zone buffers, hybrid infrastructures and recreational 
greenways.
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Corresponding to the concept framework mentioned before, the master plan is developed 
through adding multiple layers, fulfilling the processes in the concept framework. By adding 
layers of residential networks, hydrology, infrastructure, and community, the UER both 
ecologically and recreationally transforms from a single-functional river into a riverscape 
that is embedded in its context. The layers are dominant considerations when applying the 
strategies onto the site, which is shown in the layered master plan in Figure 31. 
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Figure 31: Master Plan with Layers
Six layers are indicated in this figure that are added during design process: existing river channel, residential 













































































Existing site is a single-functional sector of the Embarras River. By adding residential network, 
it reveals the hidden network of residential areas, the hidden relationship between the river 
and residential areas, and the potential for future development. The third layer in hydrology 
indicates ignored river branches, which in turn functions significantly in flooding period. 
Infrastructure involves the existing infrastructure and proposed infrastructure. Proposed 
infrastructure is predominantly comprised of 3-zone buffers, natural floodplains, reservoirs, 
dams, wetlands, retention-detention units, etc. By adding community layer, the site is 
reconnected with the two communities ( Champaign and Villa Grove) indicating the potential 
engagement of the residents from these two communities. These five layers are significant to 
figure out the layout of different elements from the three strategies. 
Residential network demonstrates the locations of residential areas, which helps locating 
the first scenario. The first scenario focuses on the sites close to residential areas that require 
the wastewater treatment from residential houses. In such areas, retention-detention units 
are designed between residential houses and the river in order to treat wastewater before it 
flows to the river. At the same time, the areas around retention-detention units are designed 
into riparian wetlands, providing recreation for users and ecological restoration for riparian 
landscape. 
The hydrology layer includes existing tributaries of the Embarras River and proposed 
hydrological infrastructures, such as wetlands, retention-detention units, etc. Hydrological 
infrastructures are proposed to be located close to existing tributaries, making full use 
of existing water resources. In addition, the locations of hydrological infrastructures are 
also designed based on the River Morphology Theory. For example, the areas outside the 
meandering bend, called erosion cutbank areas, are ideal sites for retention-detention units. 
It is because the flow velocity is higher on the outside of meandering bend. During flooding 
periods, water flows will break through levees and first rush into the erosion cutbank areas 
with higher flow velocity compared to the water flow inside the meandering bend. As a result, 
retention-detention units in erosion cutbank areas will help relieve the flooding in the first 
place. 
The community layer emphasizes the engagement of the residents in Champaign and Villa 
Grove. This layer indicates that the proposed riverscape is not only ecologically valuable, but 
also recreationally and culturally beneficial to local residents.
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5.3 Detail Design
In order to further illustrate the strategies, two specific locations are chosen to demonstrate 
the design in master plan and perspective, according to different site conditions. Two sites 
include Site A close to residential areas north of UER, and Site B close to Villa Grove south of 
UER (Figure 32). 
Figure 32: Site A and B in Master Plan





The design for Site A represents the scenario close to residential areas which are next to 
the residential areas in Savoy, between Curtis Road and Old Church Road. The existing site 
between the residential area and the river is agricultural lands with two tributaries flowing 
through it. One tributary connects a lake and the river. And water flows through the other one 
only in flooding period. According to 303(d) list, this sector of the river is mainly impaired by 
untreated residential wastewater. Figure 29 indicates the existing condition through the site 
view.
Figure 35: Existing View of Site A
Figure 33, 34 and 35 indicates that there are few buffers to protect river and it easily tends to flood, influencing 
residential areas. And there are enormous open spaces potential for development.
Figure 33: Existing View of Site A
Figure 34: Existing View of Site A
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Figure 36 indicates the master plan of Site A. The perspective view is shown in Figure 37. 
Aimed at the water quality issue, retention-detention ponds can reduce peak and annual 
runoff volumes and sewer surcharges to the largest extent. In addition, retention-detention 
ponds can function for flood control as well as provide access to water for residents. So having 
the aid of the existing tributaries, I propose a series of retention-detention ponds along one of 
the tributaries not only for ecological purposes, flood control and runoff treatment, but also 
providing waterfront activities for residents.
A wetland is designed at the other tributary. The wetland collects water to help relieve flood 
pressure for Villa Grove and serves as the buffer zone between the river and the residential 
area during flood periods. Furthermore, it also provides a refuge for a variety of species, 
increasing biodiversity and encouraging people to enjoy watching different kinds of animals 
and plants. It also creates a platform for water related activities, in which way the identity of 
the river will be increased. People have the opportunity to change their perspective about 
this so-called-ditch river.
Buffer zones are also designed along the river, protecting river from polluted runoff before 
water arrives at the river body. In addition, buffer zones provide protection, shades and visual 
scenes for users who walk and bike on the greenway along the river. Moreover, in order to 
increase interesting and various programs for residents, boardwalks are designed across 
retention-detention ponds and wetlands. 
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Figure 36: Site A Master Plan
The master plan indicates the landscape design next to residential area.
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Figure 37: Site A Perspective
This perspective demonstrates the designed landscape view in Site A. The natural-style landscape provides a 
recreational space for the residents. It also plays the ecological role.
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Scenario B
Site B is located close to Villa Grove, which is designed as a significant site to assist with flood 
management to relieve the flood pressure in Vila Grove. The existing river channel is wider 
and with more buffer plants than other sections (Figure 38, 39). The existing site is highly 
potential to flood, but without any flood treatment. So the existing site is highly potential to 
be designed into flood management site with flood control infrastructures. Because this site is 
close to Villa Grove, it can help relieve flood for Villa Grove and provide space for recreational 
activities for residents in Villa Grove as well. 
Figure 38: Existing View of Site B
Figure 39: Existing View of Site B
Figure 38 and 39 indicate that there are more buffer trees and wider than other sections of the study stream. And 
there are large areas of vacant land potential for flood control and development for recreational purpose.
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Figure 40 shows the master plan of Site B. The perspective is indicated in Figure 41. 
Considering the flood issue, first of all, the river bed is widened and meandered, slowing the 
flow velocity into Villa Grove. Secondly, a natural flood plain is proposed in each inside area 
of the meandering bend to assist with flood management in flood periods. In such areas, 
sedimentation of silt by the inward flow forms point bars (Dietrich, 1983), where the slope is 
gentle, and the elevation is close to water level. In result, these areas will be easily overtaken 
by flood. So I design these areas into natural flood plains, serving as flood plains in flood 
periods and recreational grounds in non-flood periods. 
Moreover, other green and grey infrastructure is also designed to relieve flood pressure, 
including buffer zones, retention-detention units, wetlands, reservoirs, dams, and levees. 
Specifically speaking, retention-detention units and wetlands are proposed in cut banks. As 
opposed to point bars, cut banks are formed by erosion, which means they are unstable. So 
I propose buffer zones in such areas in order to reduce erosion. In addition, wetlands and 
retention-detention units are also designed here to relieve flood pressure. 
In particular, buffer zones and retention-detention units also improve water quality, by which 
the river is enhanced to create better living environment for more specie. Finally, the designed 


















































Figure 40: Site A Master Plan
Site A Master Plan involves all strategies and designs, including 3-zone buffers, amphibious floodplains, reservoir, 
dam bridges, recreational greenways, retention-detention units, and wetlands.
59
Figure 41: Site B Perspective
This perspective shows the natural landscape view in site B. The amphibious floodplain acts as a recreational 
activity area with buffers providing aestheric views and shades.
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5.4 Flood Calculation
Through designing various infrastructures in this thesis research, the flood control rate of the 
proposed river in this thesis research is 82.7%, which helps relieving the flood issue at Villa 
Grove to a large extent. The detailed calculation processes are indicated below.
Existing: In the model of the one percent annual chance flood, a.k.a the 100-year floodplain, 
the estimated flood discharge for the Embarras River at Villa Grove is 10,370 cfs (cubic feet per 
second) and 32 hours (McConkey, 2002). 
32 hrs = 32 x 60 x 60 = 115,200 second
10,370 cfs x 115,200s = 1.195 x 10^9 cubic feet (cf )
So the estimated flood volume at the Villa Grove is 1.195 x 10^9 cubic feet.
In addition, the existing flood discharge for the Embarras River above Villa Grove is 5,734 cfs 
and 32 hours.
32 hrs = 32 x 60 x 60 = 115,200s
5,734 cfs x 115,200 = 6.6 x 10^8 cf
So the estimated flood volume above the Villa Grove is 6.6 x 10^8 cubic feet.
1.195 x 10^9 cf + 6.6 x 10^8 cf = 1.85 x 10^9 cf.
In conclusion, the total existing flood volume of the UER is 1.85 x 10^9 cubic feet.
Proposed: In my proposed river model, there are the following water control infrastructures 
holding flood water: meandering river bend, floodplains, retention-detention units, and 
natural reservoirs. The flood volumes that they are capable to hold are as below: 
1. Meandering River Bend: The existing meandering river bend is 88,371 feet long, 50’ wide, 4’ 
depth. 
 The area of the river profile: 134 square feet (sf )
 The volume of the meandering river bend: 134 sf x 88,371 ft = 11,841,714 = 1.18 x 
10^7 cf
So the proposed volume of the meandering river bend is 1.18 x 10^7 cubic feet. 
2. Floodplains: 1.87 x 10^8 cf
3. Retention-detention Units: There are 25 proposed retention-detention units. As for each 
retention-detention unit, the proposed average area is 1,504,994 sf. And the standard 
depth of a retention-detention unit is 6 ft1. So the volume of one retention-detention unit 
is 1,504,994 sf x 6 ft = 9.1 x 10^6 cf. The total volume of 25 retention-detention units is 9.1 x 
10^6 cf x 25 = 2.28 x 10^8 cf.
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4. Natural Reservoirs: There are 11 proposed natural reservoirs in total. It is 10^8 gallons (cubic 
feet) per proposed natural reservoir. So the total volume of proposed natural reservoirs is 11 x 
10^8 = 1.1 x 10^9 cf. 
In total, the flood volume that the proposed infrastructures hold is: 
1.18 x 10^7 cf + 1.87 x 10^8 cf + 2.28 x 10^8 cf + 1.1 x 10^9 cf = 1.53 x 10^9 cf.
The Proposed Flood Control Rate = proposed flood control volume / existing flood volume 
= 1.53 x 10^9 cf / 1.85 x 10^9 cf  = 82.7%
So the flood control rate of the proposed river in this thesis research is 82.7%.
From these calculations, there is great potential for flood mitigation along the Upper 
Embarras River so that to relieve flood pressure in Villa Grove. Moreover, these flood 
management infrastructures not only function to control flood, but they also serve as 




This thesis research focuses on redefining traditional landscapes of the rivers across 
agricultural lands by studying the upper section of the Embarras River (UER) in Champaign 
County, Illinois. The UER shares common issues with most rivers, such as water quality issue 
and species extinction. In addition, the river is considered as a ditch instead of a river by 
the surrounding agricultural communities, despite it was a biologically significant stream 
in history. Moreover, the most important reason that I chose the UER is because Villa Grove, 
that is located just downstream of the site, is suffering serious flood issue. The UER has great 
potential to help control the flood in Villa Grove. All the reasons above make this site suitable 
for the site-specific study for my thesis research. By doing such research, I created a design for 
the UER, which can be applied to other sites in similar situations.
Starting from studying river morphology theory, I explored riparian buffers, green and grey 
infrastructures, and recreational greenways. By doing such research, I figured out how to 
design different infrastructures with different functions and site-condition requirements into 
different river zones that are formed by erosion and sedimentation during long-time water 
flows of meandering river bend.
During the site-specific research and design, I focused on four issues of the site, impaired 
waterway, extinction of endangered-species, flooding, and lack of identity. Based on these 
issues, I created three strategies, 3-zone buffer, hybrid infrastructure and recreational 
greenway. To be specific, 3-zone buffers function to reduce runoff and improve water quality 
before it reaches the river bend. By improving water quality, this strategy also improves 
the habitats of multiple species. In addition, 3-zone buffer, that is also a type of green 
infrastructure, also helps control flood by creating floodplain and absorbing water by their 
strong root systems. The second strategy, hybrid infrastructure, mainly acts to control flood 
by keeping more water from Villa Grove. Flood calculations show that the strategies proposed 
would relieve flood by 82.7%. Finally, recreational greenway provides recreational areas 
for users to conduct various recreational activities, by which people, especially residents in 
Champaign County and Villa Grove, are offered opportunities to learn more about the river’s 
history, current condition, and future development opportunities.
Here is what I think of this research and design. This thesis research was started with the 
general question, how I redefine traditional landscape of the river running across agricultural 
lands. Carrying this question, I did a systematic study on the UER through analytical and 
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design approaches. The design is specific to the Upper Embarras River. However, the analytical 
and design approaches are applicable to a broad range of conditions. The design illustrates 
the utilities of three strategies, and it can easily be modified to fit other site conditions. 
Moreover, the analytical and design approach used in this thesis research should be 
reconsidered thoroughly as a general approach in the discipline of Landscape Architecture. 
Landscape design is not only design through designer’s brainstorms, but it should also be 
treated as a systematic design through research. All the design processes are logically based 
on the research of the site’s conditions, scientific data, scientific methods, scientific strategies, 
etc. Landscape design is not only about landscape, but it also involves many other disciplines, 
such as civil engineering and architecture. 
The next steps involve getting inputs from users and making detailed modeling for the 
river morphology and the quality and quantity of hybrid infrastructure, including 3-zone 
buffer. The input from users is the expansion for the strategy of recreational greenway. Its 
significance should be tested and revised based on the inputs from users. The detailed 
modeling is developed from the 3-zone buffer strategy and the hybrid infrastructure strategy. 
They need more technological approaches to support the research and test the efficiency and 
impacts of all the landscape infrastructures.
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